Since 1996, Wolong has served as an excellent laboratory for scientific investigation of coupled systems.
We have also applied many ideas and methods developed in Wolong to many other parts of the world (Chapters 15-18; see also Liu et al., 2003a , Liu and Diamond, 2005 , Liu et al., 2007 . For example, our findings on household dynamics in Wolong have led to a paper that documented similar patterns in 141 countries (Liu et al., 2003a) . Our observations on ecological degradation in Wolong, even after establishment of the protected area, were a catalyst to rethink the efficacy of protected areas worldwide (Liu et al., 2001) . Insights from Wolong provided the foundation for the development of the coupled system framework (Liu et al., 1999 , Liu et al., 2007 . Lessons and experiences gained from Wolong helped improve the management of other protected areas in China (e.g., Liu et al., 2003b) and beyond (e.g., Liu et al., 2003a) .
Historical and geographic context
Wolong Nature Reserve was founded in 1963 in Sichuan Province of China (31°04'30" N, 103°13'41" E, Figure 3 .1). Wolong was initially 200 km 2 in area but expanded to 2000 km 2 in 1975 (Ministry of Forestry, 1998 . The name Wolong translates as "crouching dragon" and originates from local folklore. The story goes that a dragon once flew over the area and was inspired to make a home there after being enraptured by the beautiful mountains, where it still rests (Schaller, 1994) . Wolong is one of the first nature reserves established in China, in response to a
Introduction
The world is currently experiencing numerous challenges related to sustainability, including climate change, food security, and ecosystem degradation. The coupled human and natural systems (CHANS) approach is an effective means of studying such urgent issues as it accounts for the continually evolving human-nature interactions that may improve or threaten sustainability. Case studies in model coupled systems (Chapter 2) offer in-depth understanding of human-nature interactions and the opportunity to evaluate long-term sustainability in response to various challenges.
In this chapter, we provide an overview of our model coupled system: Wolong Nature Reserve. Wolong was chosen as a model system because it is globally important, spatially diverse, and temporally dynamic with respect to the evolving humannature interactions. The system also encapsulates the shared challenges experienced worldwide with sustainability issues (e.g., balancing human livelihoods and conservation). It is an area that encompasses a wide range of geophysical variation and biological diversity and is a crucial area with respect to conservation of one of the most famous endangered species, the giant panda. Similar to most nature reserves in developing countries, Wolong is also home to a dynamic human population. This population interacts with the natural environment in a number of complex ways, all mediated by a multifaceted governance system that has evolved over time.
CHAPTER 3

Peek into a Home for Pandas and People
Vanessa Hull, wu Yang, wei liu, Yingchun tan, Jian Yang, Hemin Zhang, Zhiyun ouyang, and Jianguo liu re-enroll in a conservation program (Chen et al., 2009b) , and plan for maximizing the effectiveness of a conservation program (Viña et al., 2013) . Other scenarios pertain to the effects of various potential household growth patterns and resident behavior patterns on panda habitat in the future (Linderman et al., 2006) . Such analyses have been made possible by the availability of long-term data and aid in understanding system functioning and guiding policy and management of this system in the future.
Summary
Research on human-nature interactions benefits from in-depth and long-term case studies in model coupled human and natural systems. In this chapter, we introduced the model coupled system we have studied since 1996-Wolong Nature Reserve. Wolong is a high-profile protected area that covers 2000 km 2 in Sichuan Province of southwestern China. It is globally important as a UNESCO MAB Reserve and a World Heritage Site. The reserve contains diverse ecosystems along an elevational range of 1150 m to 6250 m, including thousands of plant and animal species, most notably over 100 endangered giant pandas. Wolong also is home to a growing human community of nearly 5000 people (mostly farmers). There are complex interactions and feedbacks (e.g., crop production, timber harvesting, raising livestock, and road construction) among local residents, forests, and wildlife. These interactions are also influenced by government policies, contextual factors originating from other systems (e.g., tourism), and natural disasters (e.g., the 2008 Wenchuan earthquake and associated subsequent disasters that destroyed or damaged the majority of the infrastructure). To understand our model coupled system in an integrated manner, we have drawn on diverse natural and social sciences to design field and social surveys, build systems models that integrate various sources of data, and run simulations to understand and predict complex processes and patterns across space and over time. Ultimately, we aim to make our work useful in understanding and helping govern sustainably not only the model coupled system, but also many other coupled systems around the world.
Remote sensing and geospatial analyses have been ongoing since the inception of the project. We have collected and analyzed remotely sensed data at different resolutions (from 0.6 m to 250 m) acquired between 1965 and 2010 by several satellite systems such as Corona, Landsat TM, ETM +, MODIS, IKONOS, and Quickbird. Analyses have relied on several techniques, including unsupervised classification, supervised classification, generation of vegetation indices, analysis of phenological signatures, and artificial neural networks (Liu et al., 2001 , Viña et al., 2007 , 2008 . Such analyses have sought to characterize changes in quantity and quality of forests and giant panda habitat over time in Wolong. This objective has involved prediction of forest cover and type and prediction of bamboo presence using cutting-edge procedures developed by our team , Viña et al., 2008 . We have in turn integrated such dynamics in forest cover and giant panda habitat with information about changes in human population and policies to identify linkages between different components of the coupled system.
Modeling and simulation have played central roles in our study. We have integrated our various sources of data to create a variety of different models, including land-cover change models (Chapters 6 and 7; see also Linderman et al., 2006 , Liu et al., 2001 , animal resource selection models (Chapter 4; see also Bearer et al., 2008) , agent-based models of human behavior (Chapter 8; see also An et al., 2005) , econometric models (Chapter 9; see also Chen et al., 2009a) , censored regression models (Chapter 11; see also Yang et al., 2013c , Chen et al., 2009b , causal inference models (Chapters 11 and 13; see also Yang et al., 2013c , Chen et al., 2012 , and ecosystem service and human well-being models (Chapters 5 and 12; see also Yang et al., 2013b , Yang et al., 2015 . Many of these models were spatially explicit, which was accomplished by integrating remote sensing data and GPS data on various natural and human components into a GIS prior to model construction. Simulation also has allowed us to test hypotheses about how the system may change in the future under different policy or management scenarios (Chapter 14). They include conditions under which local residents would switch their energy source from fuelwood to electricity (An et al., 2002) 
